In the Second EWaS International Conference (June 2016, Chania, Crete, Greece), the bed load transport formula of Meyer-Peter and Müller (1948) was calibrated with respect to the bed roughness coefficient for Nestos River. The calibration was manual and incremental, taking five measured values of bed load transport rate at a time. In contrast, the present study carries out a nonlinear optimization of two suitable parameters, while utilizing the average value of the roughness coefficient kst found by the manual calibration. Thus, a uniform calibration is attained, by taking at once the totality of the available 68 measurement points. The results did not show any marked fitting improvement in comparison to the previous study. However, considering moving averages of the measured bed load transport values yields a better adjustment of the model to the measured results.
Introduction
No systematic river bed load transport measurements have been conducted and published in Greece to date. An effort to carry out such measurements has been undertaken through diploma projects, by the Division of Hydraulic Engineering, Civil Engineering Department of the Democritus University of Thrace [1] [2] [3] . The measurements were taken at mountainous outlets of the river basins leading to Kosynthos River and Kimmeria Torrent. Those outlets are located in the area of the city of Xanthi, the seat of the Democritus University Engineering Faculty. Due to the well-known stream flow rate dependence of both bed load and suspended load transport rates, measurements of the first quantity preceded those of the other two.
In the framework of those studies, nonlinear regression equations were presented (a) between bed load transport rate and stream flow rate based on 24 measurements and (b) suspended load transport rate and stream flow rate based on 29 measurements, of both variables in each case [2] .
In this paper, 68 pairs of stream flow rate and bed load transport rate measurements of Nestos River are presented. Beside those measurements, the bed load transport rate was calculated by the Meyer-Peter and Müller formula (1948) , thus enabling comparisons between measured and computed results.
The above formula was applied in recent years to bed load computations in streams and rivers in various parts of the world, notably in France [4] and Spain [5, 6] . This paper represents an attempt for an overall calibration of the Meyer-Peter and Müller formula that covers multiple sets of measurements, in contrast to partial calibrations referred to individual measurement sets.
Study Area
The study area is described in [7] , and this description is repeated here for reasons of completeness.
The Nestos River basin considered in this study drains an area of 838 km 2 and lies downstream of Platanovrysi Dam. The river basin outlet is located at Toxotes. The river basin terrain is covered by forest (48%), bush (20%), cultivated land (24%), urban area (2%) and no significant vegetation (6%). The altitude ranges between 80 m and 1600 m, whereas the length of Nestos River is 55 km. The basin is divided into 20 natural sub-basins with areas between 13 km 2 and 80 km 2 . The mean slope of the sub-basins ranges between 23% and 58%, the mean slope of the main streams of the sub-basins ranges between 2.5% and 20%, whereas the mean slope of Nestos River in the basin is 0.35%.
Stream Flow Rate and Bed Load Transport Rate Measurements
The stream flow rate and bed load transport rate measurements concerning Nestos River were conducted at a location between the outlet of Nestos River basin (Toxotes) and the river delta (e.g., [8] [9] [10] [11] [12] ). The measurement procedures are described in [7] . The average width of the cross sections of all measurements is about 26.7 m. The dates of all measurements as well as the stream flow rates and bed load transport rates of Nestos River are presented in Table A1 , which is given in the Appendix A.
Bed Load Transport Rate Calculations
The following well-known formula of Meyer-Peter and Müller (1948) [13] was employed:
where From Equation (1) is evident that bed load transport rate is expressed as a function of the difference between the actual shear stress and the critical shear stress, which is associated with the initiation of movement of the stream bed particles.
As pointed out in [3] , the mechanisms involved in the Meyer-Peter and Müller model [13] and the Einstein-Barbarossa method [14] lead to the formula of Equation (7) for the stream cross section A:
where R is the hydraulic radius and U the wetted perimeter. The index s refers to the bed and the index w to the walls. The hydraulic radii Rw and Rs are given by Equations (8) and (9), as derived in [3] :
where um (m/s) is the mean flow velocity through the cross-sectional area A and kw (m 1/3 /s) a coefficient depending on the roughness of the walls. Also kw = kst, and I is set equal to the longitudinal stream bed slope on the basis of the assumption of uniform flow. As in [3] , an equivalent rectangular cross section is considered, and the median particle diameter d50 substitutes the mean particle diameter dm, because grain size distribution curves are available for all the bed load transport rate measurements. The median particle diameter is considered as representative of the different particle diameters of the bed load material.
Manual Calibration of the Meyer-Peter and Müller Formula
In the framework of the elaborated diploma theses, the estimation of the Strickler coefficient kst, which refers to the total roughness, due to individual particles as well as to stream bed forms, was performed employing a manual calibration procedure, namely assuming that the bed load transport rate mG is well-known from the measurements. In concrete terms, the measurements conducted by the same students group, were used for the determination of the coefficient kst. If, for example, five measurements, as usually, were conducted by a students group, then five values of kst were determined, and finally, the mean value of the five kst values was taken into account for the calculation of the five bed load transport rates. The mean value of kst for Nestos River, according to the above described manual calibration, amounts to about 18.5 m 1/3 /s.
The outcomes of the calculations of bed load transport rate for Nestos River are given in Table A1 .
Calibration of the Bed Load Transport Model for Nestos River
According to the model employed (Equations (1)- (6)), the computed value of the bed load transport rate, denoted as mGci, is equal to:
where
and τ , 0.047ρ′ρ gd (13) In the present work, kst is treated as a parameter of adjustment to be determined through the minimization of the sum of squares of the differences between computed and measured values of sediment transport rate:
An improved fit is achieved if the objective function of Equation (14) is equipped with two further parameters α and β, as follows:
In Equation (15) above, α is a scaling parameter and β replaces the exponent (3/2) in Equations (10) and (11) . Both parameters are strictly positive. Thus, Equation (15) expresses the objective function of the problem, which is posed as follows: Minimize f with respect to α and β for a range of values of the physical parameter kst.
The consideration of both parameters α and β simultaneously is the point at which the present study differs from the one presented in [3] .
The value of kst, kst = 18.447 m 1/3 /s, was derived through manual calibration of the Meyer-Peter and Müller model [13] on the basis of the 68 measurements, as described in [7] .
The corresponding optimal values of α and β are: α = 0.427401, β = 0.209616. The adjustment of the model to the moving averages, as shown in Figure 2 , is obviously better in comparison to the one depicted in Figure 1 . 
Comparison between Calculated and Measured Bed Load Transport Rates
The comparison between calculated and site-measured values of stream bed load transport rate is made on the basis of the following statistical criteria [3, 15] In general, the obtained values of the statistical criteria RMSE, EC, r and r 2 for Nestos River can be considered fairly satisfactory. Additionally, the degree of linear dependence between calculated and measured bed load transport rate is very high. In Table 2 , the values of the statistical criteria used in the present study, for Nestos River and for the case of optimization, are shown. The values of the statistical criteria for Nestos River, according to Table 2 , are not satisfactory in comparison to the corresponding values of Table 1 , except for the statistical criterion RE, which, in the case of optimization, obtains a more satisfactory value in comparison to the case of manual calibration.
In Table 3 , the values of the statistical criteria used in the present study, for Nestos River and for the case of optimization, are given, where instead of the measured bed load values themselves, their 5-point moving averages are taken into account. The values of the statistical criteria for Nestos River, according to Table 3 , are not satisfactory in comparison to the corresponding values of Table 1 , except for the statistical criterion RE, which, in the case of optimization, obtains a more satisfactory value in comparison to the case of manual calibration. However, the values of the statistical criteria, according to Table 3 , are more satisfactory in comparison to the corresponding values of Table 2 .
Discussion-Conclusions
An overall calibration of the Meyer-Peter and Müller formula [13] is presented on the basis of bed load measurements in a specific location of the Nestos River basin. In the present study, the optimization of the bed roughness coefficient is performed in a uniform manner for the whole range of the measured data after including at once all the available measured values of bed load transport rate. This calibration is contrasted to manual calibrations carried out on partial measurement sets. Similar attempts have been presented in relation to measurements in Kosynthos River and Kimmeria Torrent, two other streams of local importance [3] . The present approach is different in the sense of considering both parameters α and β defined above, simultaneously, while kst was given a priori a constant realistic fixed value. This value is the average of the results of the above mentioned manual calibrations.
The differences between computed and measured bed load transport values followed the trend indicated in the literature [5] , while consideration of moving averages instead of raw bed load measurements results in a much better adjustment of the Meyer-Peter and Müller model [13] . In this way, a different view of the simulating capacity of the model under study is given.
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